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I n t r o d u c t i o n  

The f irst  l u n a r  l a n d i n g  m i s s i o n  (G-1) t i m e l i n e  i s  
c u r r e n t l y  be ing  r e e v a l u a t e d  i n  o r d e r  t o  r e d u c e  t h e  l e n g t h  o f  
t h e  l u n a r  module (LM) crew work day  p r i o r  t o  t h e  l u n a r  s u r f a c e  
e x t r a v e h i c u l a r  a c t i v i t y  ( E V A ) .  P r e v i o u s  t i m e l i n e s  have had 
t h e  LM crew awake some 1 6  h o u r s  p r i o r  t o  t h e  s t a r t  o f  a n  EVA on 
t h e  l u n a r  s u r f a c e .  Faced with such  a s i t u a t i o n ,  i t  has been  
proposed  t h a t  t h e  crew s l e e p  on t h e  l u n a r  s u r f a c e  p r i o r  t o  con- 
d u c t i n g  t h e  EVA. I n t r i n s i c a l l y ,  t h i s  i s  a n  u n a t t r a c t i v e  p r o c e d u r e  
f o r  t h e  f i r s t  l u n a r  l a n d i n g  m i s s i o n  and t h e  m i s s i o n  p l a n n e r s  
have  been r e q u e s t e d  t o  modify t h e  t i m e l i n e  t o  a l l o w  EVA b e f o r e  
a s l e e p  p e r i o d  on t h e  l u n a r  s u r f a c e .  T h i s  memorandum s u g g e s t s  
methods whereby n o t  on ly  i s  it p o s s i b l e  t o  conduct  t h e  EVA b e f o r e  
s c h e d u l i n g  a s leep  p e r i o d  on t h e  l u n a r  s u r f a c e ,  b u t  i t  may be 
feasible  t o  d e l e t e  t h e  l u n a r  s l e e p  p e r i o d  e n t i r e l y .  

T ime l ine  E v o l u t i o n  

It would b e  h e l p f u l  t o  r ev iew,  b r i e f l y ,  t h e  e v o l u t i o n  
o f  t h e  l u n a r  l a n d i n g  mis s ion  t i m e l i n e ,  s p e c i f i c a l l y  from l u n a r  
o r b i t  i n s e r t i o n  ( L O I )  th rough l u n a r  l aunch ,  t o  i d e n t i f y  t h e  ma jo r  
i n f l u e n c e s .  

I n i t i a l  a t t e m p t s  a t  d e f i n i n g  a l u n a r  l a n d i n g  m i s s i o n  (LLM) 
t i m e l i n e  c o n c e n t r a t e d  on maximizing t h e  l u n a r  s u r f a c e  e x p l o r a t i o n  
p o r t i o n  of t h e  m i s s i o n .  T h e s e  t i m e l i n e s  were c o n s t r u c t e d  u s i n g  
b a s i c  v e h i c l e  d e s i g n  data,  such  as t h e  maximum LM a c t i v e  l i f e t ime ,  
and p r e l i m i n a r y  estimates o f  t ask  t imes r e q u i r e d  t o  pe r fo rm g i v e n  
crew a c t i v i t i e s  i n  o r d e r  t o  e s t a b l i s h  a b a s e l i n e  f o r  f u t u r e  m i s s i o n  

i n t o  l u n a r  o r b i t ,  checkout  of t h e  LM i n  two o r  th ree  r e v o l u t i o n s ,  
and d e s c e n t  t o  t h e  l u n a r  surface.  Many of  t h e  p r e s e n t  o p e r a t i o n a l  
l i m i t a t i o n s  and systems c o n s t r a i n t s  were n o t  i d e n t i f i e d  f o r  t h i s  
t i m e l i n e .  The crew w o r k / e a t / r e s t  c y c l e  was ill d e f i n e d .  A s  
b e t t e r  estimates o f  crew a c t i v i t y  times, m i s s i o n  p l a n n i n g  con- 
s t r a i n t s ,  l a n d i n g  s i t e  s e l e c t i o n ,  e t c . ,  became a v a i l a b l e ,  t h e  t i m e -  
l i n e  was amended. Two o f  t h e  more s i g n i f i c a n t  changes were t h e  
i n c l u s i o n  o f  a s l e e p  p e r i o d  i n  l u n a r  o r b i t  p r i o r  t o  p r e p a r a t i o n s  
f o r  LM d e s c e n t  and t h e  a d o p t i o n  o f  t h e  two burn  LOI .  The fo rmer  was 
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s p e c i f i c a l l y  added i n  o r d e r  t o  minimize t h e  LM crew awake t i m e  
p r i o r  t o  t h e  f i r s t  of  two EVA p e r i o d s .  The l a t t e r  was added t o  
p r o v i d e  a more f l e x i b l e  t i m e l i n e  and t o  hand le  p o s s i b l e  o r b i t a l  
d i s p e r s i o n s .  The e f f e c t  of t h e s e  two changes l e n g t h e n e d  t h e  t i m e  
i n  l u n a r  o r b i t  p r i o r  t o  d e s c e n t  from abou t  7 hour s  t o  abou t  24  
h o u r s  and i n s u r e d  a n o t h e r  SPS burn .  

A t  t h e  Lunar Mission Review i n  August 1968,  i t  was 
decided t h a t  t h e  f i r s t  LLM would c o n s i s t  o f  on ly  one EVA. 
t h e  time1ir.e f u r t h e r  evolved ,  t h e  i n t e r v a l s  of  t i m e  between t h e  
end of t h e  s leep  p e r i o d  i n  o r b i t  t o  touchdown t o  t h e  f i r s t  oppor- 
t u n i t y  f o r  EVA i n c r e a s e d  t o  such  an  e x t e n t  t h a t  t h e  LM crew r e q u i r e d  
a s l e e p  p e r i o d  b e f o r e  t h e  EVA. 
t o  t he  long  crew work c y c l e  were: 
o f  landmark s i g h t i n g s  and a docked LM I M U  f i n e  a l i g n m e n t ;  2 )  a 
l e n g t h y  t i m e  i n t e r v a l  between t h e  l u n a r  module p i l o t  (LMP) e n t r y  
and commander ( C D R )  e n t r y  i n t o  t h e  L M ;  3 )  a g e n e r a l  i n c r e a s e  i n  
t h e  estimated times t o  perform LM sys tems checkout ;  and 4) a two 
hour  i n t e r v a l  on t h e  l u n a r  s u r f a c e  checking  t h e  LM s t a t u s  b e f o r e  
powering down LM s y s t e m s .  The f o l l o w i n g  d i s c u s s i o n  o u t l i n e s  two 
p l a n s  t h a t  can  r e d u c e  t h e  crew awake t i m e  p r i o r  t o  t h e  EVA. 

A s  

The major  f a c t o r s  which c o n t r i b u t e d  
1) t h e  r equ i r emen t  f o r  two s e t s  

P l a n  1 - S p l i t  LM Checkout i n  Lunar O r b i t  

F i g u r e  1 i l l u s t r a t e s  a crew t i m e l i n e  from LO1 t h r o u g h  
t h e  f i r s t  p r o b a b l e  l aunch  o p p o r t u n i t y  a f t e r  accompl i sh ing  t h e  
l u n a r  s u r f a c e  o b j e c t i v e s ,  and a s c e n t ,  rendezvous ,  and docking .  
Shown a re  t h e  major  e v e n t s ,  approximate  p e r i o d s  of  MSFN communi- 
c a t i o n  coverage ,  i n t e r v a l s  d u r i n g  which t h e  s p a c e c r a f t  are i n  
l u n a r  d a r k n e s s ,  and s i g n i f i c a n t  a c t i v i t i e s  o f  e a c h  crewman. Also 
i n d i c a t e d  on t h e  f i g u r e  a re  numbers which are  c r o s s  r e f e r e n c e d  below 
f o r  a d d i t i o n a l  d i s c u s s i o n .  

F i r s t  LM Checkout 

One of  t h e  main f e a t u r e s  of  t h e  t i m e l i n e  i s  t h e  f i rs t  
o f  two LM checkout  i n t e r v a l s  s chedu led ,  i t e m  (1). There are 
s e v e r a l  f e a t u r e s  connec ted  w i t h  t h e  f i r s t  checkout  t h a t  r e q u i r e  
e l a b o r a t i o n .  F i r s t ,  i t  i s  sugges t ed  t h a t  t h e  crew n o t  don t h e i r  
P G A ' s  f o r  t h i s  checkout .  T h i s  w i l l  a l l o w  freedom o f  movement 
d u r i n g  t h e  t r a n s f e r  and checkout and a v o i d  t h e  t i m e  consuming 
donning  and d o f f i n g  o p e r a t i o n . *  Secondly,  i t  i s  s u g g e s t e d  t h a t  
o n l y  one crewman e n t e r  t h e  LM f o r  t h i s  checkout  because  two men 
are  n o t  needed.  The m a j o r i t y  of t h e  sys tems t o  be checked are 

"Cur ren t  t i m e l i n e s  i n d i c a t e  t h a t  i t  r e q u i r e s  abou t  20 minu tes  
p e r  man t o  don o r  d o f f  t h e i r  PGA's and i s  a s e r i a l  o p e r a t i o n .  
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normal ly  checked by t h e  LMP and can  be adequa te ly  handled  by one 
man d u r i n g  the  t i m e  a v a i l a b l e .  Checks o f  t h e  p r i m a r y  and a b o r t  
gu idance  systems shou ld  be d e f e r r e d  u n t i l  p r i o r  t o  LM/CSM 
s e p a r a t i o n  when t h e y  are r e a l l y  needed. T h i s  f i r s t  checkout  
i s  i n t e n d e d  t o  be  a comprehensive check of  most of  t h e  LM sys tems,  
p r i m a r i l y  t h e  EPS, ECS ( p a r t i a l ) ,  communications ( b o t h  VHF and 
S-Band), l i g h t s ,  i n s t r u m e n t a t i o n  system, e t c . ,  i n  o r d e r  t o  deve lop  
s u f f i c i e n t  conf idence  i n  these sys tems t o  a l low minimum re- 
checking  p r i o r  t o  s e p a r a t i o n .  (The t o t a l  LM power r e q u i r e d  f o r  
these  checks i s  estimated t o  be l ess  t h a n  60 A-H. )  It i s  a l s o  
proposed  t h a t  a l l  p o s s i b l e  equipment t r a n s f e r  take p l a c e  d u r i n g  
t h i s  i n t e r v a l .  (See Appendix A f o r  t y p i c a l  a c t i v i t i e s . )  T h i r d l y ,  
it i s  assumed t h a t  t he  probe and drogue remain stowed i n  t h e  CM. 
T h i s  w i l l  f a c i l i t a t e  crew r e e n t r y  i n t o  t h e  LM, s a v i n g  about  1 0  
minu tes .  The CM p r e s s u r e  and thermal  h a t c h  shou ld  be i n  p l a c e  
d u r i n g  t h e  s l e e p  p e r i o d .  

Another impor t an t  c o n s i d e r a t i o n  i s  whether  t h e  LM shou ld  
be  l e f t  i n  a p a r t i a l l y  power-up s t a t e  o r  be powered down. T h i s  
t i m e l i n e  recommends t h a t  t h e  LM be powered down. The r a t i o n a l e  
is  twofo ld .  F i r s t ,  l e a v i n g  the  LM powered up p r e s e n t s  a n  un- 
n e c e s s a r y  c rew-safe ty  and miss ion-success  r i s k  due t o  t h e  f a c t  
t ha t  t h e  LM w i l l  n o t  be con t inuous ly  monitored by MSFN and t h e  
crew re sponse  t ime w i l l  b e  l eng thy  shou ld  a d e t e c t a b l e  problem 
deve lop .  Secondly,  even a p a r t i a l l y  powered up LM r e s u l t s  i n  a 
s i g n i f i c a n t  power p e n a l t y .  From Reference  1 t h e  minimum h e a t  
l o a d  r e q u i r e d  t o  i n s u r e  that  t h e  water s u b l i m a t o r  w i l l  no t  f r e e z e  
i s  800 BTU/HR which cor responds  t o  a power l e v e l  o f  about  260  
w a t t s / h o u r .  The w a t e r  s u b l i m a t o r  dry-out  power p e n a l t y  i s  e s t i m a t e d  
t o  be  about  560 watts.  Wi th  p r o p e r  s c h e d u l i n g ,  u s e f u l  system 
checkou t s  can b e  con t inued  du r ing  t h e  s u b l i m a t o r  dry-out  i n t e r v a l .  
Confidence i n  t h e  dry-out procedure  should  be h igh  as t h e  p rocedure  
w i l l  be  c a r r i e d  o u t  t w i c e  on t h e  upcoming "D" m i s s i o n ,  and on LM-4 
and subs  t h e  s u b l i m a t o r  dry-out  can  be confirmed by t h e  g l y c o l  
t e m p e r a t u r e  t e l e m e t r y  measurement (Refe rence  1). 

Command P i l o t  (CMP)  Opt ions  

~h~ z c t i ~ ~ i t y  i n t e r v a l  for the C M P ,  i t e m  (21,  from LOI,  t o  
the  eat  p e r i o d  p r i o r  t o  s l e e p  was i n t e n t i o n a l l y  l e f t  b l ank  i n  
o r d e r  t o  p o i n t  o u t  a p o s s i b l e  m i s s i o n  o p t i o n  r e g a r d i n g  s imul-  
t a n e o u s  crew s l e e ~ .  Simultaneous s l e e p  has been v i g q r o u s l y  
s u p p o r t e d  by t h e  C-prime crew. 
i n  l u n a r  o r b i t  because of non-continuous MSFN communications.  
If it i s  dec ided  no t  t o  a l low s imul t aneous  s l e e p  p r i o r  t o  LM d e s c e n t ,  
app rox ima te ly  5 .5  hours  are a v a i l a b l e  f o r  a CMP s l e e p  p e r i o d  if 
t h e  LO1 maneuver i s  performed w i t h  one SPS burn .  The CMP would 
t h e n  have been awake some 14.5 hour s  o r  some 7 hour s  l o n g e r  t h a n  
t h e  LM crew a t  LM touchdown on t h e  l u n a r  s u r f a c e .  

It does p r e s e n t  a r i s k  e s p e c i a l l y  
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Second P e r i o d  of  LM Checkout 

Assuming t h a t  s imul t aneous  s l e e p  i s  a l lowed ,  t h e  
crew would be awaken by MSFN abou t  7 .5  hour s  p r i o r  t o  touchdown. 
T h i s  a l l o w s  abou t  one hour  f o r  t h e  LM crew t o  eat and don t h e i r  
PGA's ,  i t e m  3 .  The CMP can wait f o r  a more f a v o r a b l e  t i m e  f o r  
PGA donning,  if r e q u i r e d  a t  a l l .  S i n c e  P G A  donning i s  a s e r i a l  
o p e r a t i o n  r e q u i r i n g  a b o u t  20 minu tes  each ,  i t  i s  s u g g e s t e d  t h a t  
while  one LM crewman dons h i s  PGA t h e  o t h e r  LM crewmen e a t .  
T h i s  w i l l  a l l o w  a f o r t y  minute  eat  p e r i o d  and  a twenty  minu te  
PGA donning o p e r a t i o n  t o  be accompl ished  i n  one hour ,  a f t e r  which 
t h e  CM hatch i s  removed ( t h e  p robe  and d rogue  having  been  p r e -  
v i o u s l y  removed and s towed)  and t h e  LMP e n t e r s  t h e  LM. 

The t i m e l i n e  ( F i g u r e  1) a l l o w s  a b o u t  45 m i n u t e s ,  i t e m  4 ,  
between LMP and CDR e n t r y  i n t o  t h e  LM. T h i s  i n t e r v a l  i s  con- 
s i s t e n t  w i t h  t h e  p r e s e n t  p l a n s  f o r  t h e  t h i r d  LM a c t i v a t i o n  p e r i o d  
d e t a i l e d  i n  t h e  "D" miss ion  f l i g h t  p l a n  ( 8 e f e r e n c e  2 ) .  During 
t h i s  i n t e r v a l  t h e  LMP r e a c t i v a t e s  t h e  LM sys tems and pe r fo rms  
a c u r s o r y  check o f  t h o s e  s y s t e m s  which have been  checked o u t  i n  
d e t a i l  d u r i n g  t h e  f i r s t  LM e n t r y .  The CDR must t r a n s f e r  t o  t h e  
LM p r i o r  t o  t h e  CSM I M U  a l ignment  s i n c e  s imul t aneous  u s e  o f  t h e  
CM o p t i c s  and t u n n e l  u se  are n o t  compa t ib l e .  The CSM I M U  a l i g n -  
ment ,  which i s  assumed t o  b e  c o n s t r a i n e d  t o  be  c a r r i e d  o u t  i n  
d a r k n e s s ,  i s  n e c e s s a r y  f o r  t h e  landmark s i g h t i n g s ,  i t e m  5 .  T h i s  
se t  of  landmark s i g h t i n g s  is  done on t h e  n e x t  p a s s  o v e r  t h e  l a n d i n g  
s i t e ,  abou t  4 h o u r s  p r i o r  t o  touchdown. Note t h a t  on ly  one se t  
of landmark s i g h t i n g s  are assumed on t h i s  t i m e l i n e .  P r i o r  t o  
t he  C-prime m i s s i o n ,  two s e t s  of  landmark s i g h t i n g s  were deemed 
n e c e s s a r y .  (The f i rs t  s e t  of  s i g h t i n g s  was done abou t  6 hour s  
p r i o r  t o  touchdown.) The p r i m a r y  purpose  o f  t h e  f i r s t  s e t  was t o  
f a m i l i a r i z e  t h e  crew w i t h  t h e  l a n d i n g  area s o  t h a t ,  on t h e  n e x t  
pass, t h e  landmark could  be e a s i l y  a c q u i r e d .  It a l s o  p r o v i d e d  
MCC-H w i t h  a check,  t o  i n s u r e  t h a t  b o t h  s i g h t i n g s  were on t h e  same 
landmark. Only t h e  second se t  of  landmark data were t o  be used ,  
i n  c o n j u n c t i o n  w i t h  MSFN t r a c k i n g  data,  t o  r e d u c e  t h e  s i z e  o f  t h e  
LM l a n d i n g  e r r o r  e l l i p s e .  P r e l i m i n a r y  i n d i c a t i o n s  from t h e  C-prime 
m i s s i o n  s u g g e s t  t h a t  t he  a c q u i s i t i o n  and t r a c k i n g  of  landmarks i s  
a r e l a t i v e l y  s i m p l e  t a sk .  It i s  however, a t t i t u d e  c o n s t r a i n i n g  
and t i m e  consuming. It ais0 r e q u i r e s  t h a t  t h e  I M U  b e  a l i g n e d  
P r i o r  t o  t h e  s i g h t i n g s .  

R e f e r r i n g  t o  t h e  t i m e l i n e ,  t h i s  would mean t h a t  i f  two 
sets  of s i g h t i n g s  were r e q u i r e d  a n  a d d i t i o n a l  I M U  a l ignmen t  would 
have t o  be performed a t  about t h e  t i m e  t h e  crew i s  shown t o  be 
waking up. T h i s  would f o r c e  t h e  crew t o  awake a t  a n  e a r l i e r  t i m e  
i n  o r d e r  t o  don t h e i r  PGA's  (done i n  t h e  lower  equipment b a y ) .  
Hence, the  second landmark t r a c k i n g  e x e r c i s e  d i r e c t l y  impac t s  t h e  
pa rame te r  w e  are t r y i n g  t o  minimize,  namely, t h e  crew awake t i m e  
p r i o r  t o  t h e  EVA. A secondary e f f e c t  would be t h e  p r o b a b l e  l a c k  
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o f  h i g h  b i t  r a t e  LM t e l e m e t r y  d u r i n g  t h e  p e r i o d  of  landmark 
t r a c k i n g  due t o  a t t i t u d e  c o n s t r a i n t s .  
p o i n t i n g  i s  n o t  compat ib le  w i t h  t h e  a t t i t u d e  r e q u i r e d  by t h e  CM 
o p t i c s  f o r  landmark t r a c k i n g  i n  l u n a r  o r b i t . )  

t h r e e  hour s  p r i o r  t o  LM/CSM undocking. Again, t h e  t ime  and 
a c t i v i t i e s  assumed a r e  c o n s i s t e n t  w i t h  t h o s e  a s s o c i a t e d  w i t h  t h e  
t h i r d  LM p e r i o d  of a c t i v i t y  on t h e  "D" miss ion  (See Appendix B). 

(The LM s t e e r a b l e  a n t e n n a  

The two-man LM checkout i n t e r v a l ,  i t e m  6 ,  i s  about  

The need f o r  a docked LM I M U  f i n e  a l ignment  ( u s i n g  t h e  
AOT)  i s  s t i l l  a n  open i s s u e .  
docked a l ignment  a f t e r  LM s e p a r a t i o n  would p r o v i d e  a gy ro  d r i f t  
check p r i o r  t o  t h e  D O 1  and powered d e s c e n t  maneuvers.  However, 
t h e  docked f i n e  a l ignment  u s i n g  t h e  AOT i s  t i m e  consuming, would 
compl i ca t e  t h e  schedu le  of crew a c t i v i t i e s ,  and would r e q u i r e  
e l a b o r a t e  p r o c e d u r e s  t o  p reven t  LM RCS plume impingement on t h e  
CM the rma l  c o a t i n g .  
d e t e r m i n i n g  p l a t f o r m  d r i f t ,  p r i o r  t o  t h e  powered d e s c e n t  maneuver. 
It i s  assumed h e r e i n  t h a t  a docked a l ignment  u s i n g  t h e  AOT w i l l  n o t  
be n e c e s s a r y .  

The docked a l ignment  and t h e  un- 

MSC i s  c u r r e n t l y  examining o t h e r  means of  

LM/CSM Undocking t o  Touchdown 

The t i m e  i n t e r v a l  between undocking and touchdown i s  
abou t  2 . 5  hour s .  T y p i c a l  a c t i v i t i e s  d u r i n g  t h i s  p e r i o d  a r e  
l i s t e d  i n  Appendix C .  
i n t e r v a l  s i n c e  CSM i n s p e c t i o n  of  t h e  LM must be done i n  d a y l i g h t ,  
t h e  LM crew must p r e p a r e  for D O 1  ( i n c l u d e s  a LM I M U  f i n e  a l ignment  
i n  d a r k n e s s )  and D O 1  i s  f i x e d  w i t h  r e s p e c t  t o  t h e  l a n d i n g  s i t e  
( D O 1  occu r s  about  one hour p r i o r  t o  touchdown).  Thus t h e  crew 
awake t i m e  p r i o r  t o  touchdown i s  approximate ly  7 . 5  hours .  

Very l i t t l e  can b e  done t o  r educe  t h i s  

Lunar Sur face  Timel ine  

The c u r r e n t  l u n a r  s u r f a c e  t i m e l i n e  shows t h a t  t h e  
nominal s t a y t i m e  i s  about  22  h o u r s .  O f  t h i s  t i m e ,  abou t  5 hours  
are  used ,  p r i o r  t o  t h e  EVA, f o r :  1) post-touchdown checks ;  
2 )  a s i m u l a t e d  LM countdown and l i f t o f f  on t h e  next  CSM pass; 
3 )  a one hour  LM power down and ea t  p e r i o d ;  and 4 )  a two hour  
p e r i o d  f 'or EVA pi -epara t ions .  The t h r e e  hcur EVA i s  f o l l m r e d  h y  
a 1 . 5  hour  p o s t  EVA i n t e r v a l ,  where in  t h e  PLSS 's  are d o f f e d  and 
unneeded equipment i s  j e t t i s o n e d ,  t h e n  a n  eat/sleep/eat p e r i o d  
o f  1 0  hours  i s  schedu led .  F i n a l l y ,  about  3 hour s  a re  s p e n t  pre-  
p a r i n g  t h e  LM f o r  l u n a r  a s c e n t .  (Lunar a s c e n t  t o  LM/CSM docking  
r e q u i r e  about  4 hoursJ  
p r i o r  t o  touchdown, t h e  EVA would commence u s i n g  t h e  s u r f a c e  t i m e -  
l i n e  above, w i t h  t h e  crew awake some 1 2 . 5  hour s .  
w i t h i n  t h e  c u r r e n t  ground r u l e  of a 16/8 hour  work / r e s t  c y c l e .  

Assuming t h a t  t h e  crew i s  awake 7 . 5  hours  

T h i s  would b e  
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Having concluded t h a t  i t  i s  f e a s i b l e  t o  p l a n  t o  pe r fo rm 
t h e  EVA p r i o r  t o  a r e s t  p e r i o d ,  t h e  n e x t  l o g i c a l  q u e s t i o n  i s ,  
"Is it  p r a c t i c a l  t o  i n c l u d e  i n  t h e  m i s s i o n  p l a n  a r e a l  t i m e  
d e c i s i o n  or o p t i o n  t o  t e r m i n a t e  t h e  l u n a r  s t a y ,  a f t e r  accompl i sh ing  
t h e  EVA o b j e c t i v e s ,  w i thou t  a r e s t  p e r i o d ? "  ( T h i s  i s  n o t  t o  be  
confused  w i t h  a n  a b o r t  d e c i s i o n ,  which i s  based  on  s p e c i f i c  
sys tem m a l f u n c t i o n s ,  which can occur  a t  a n y t i m e . )  The p r o b a b i l i t y  
o f  u s i n g  such  a r e a l  t i m e  o p t i o n  i s  d i r e c t l y  r e l a t ed  t o  t h e  l e n g t h  
o f  t h e  crew work day p r i o r  t o  docking and crew t r a n s f e r  t o  t h e  
CSM. I n  o r d e r  t o  enhance t h i s  p r o b a b i l i t y ,  t h e  nominal  l u n a r  
s u r f a c e  t i m e l i n e ,  p r i o r  t o  t h e  EVA, must be  r educed  and p r o c e d u r e s  
f o r  s h o r t e n i n g  t h e  nominal t i m e l i n e  a f t e r  t h e  EVA, shou ld  t h e  o p t i o n  
b e  s e l e c t e d ,  must be developed.  

Pre-EVA T ime l ine  

I n  o r d e r  t o  reduce  t h e  pre-EVA t i m e l i n e ,  a number of  
c u r r e n t l y  schedu led  a c t i v i t i e s  must b e  d e l e t e d  and o t h e r s  must 
be  s h o r t e n e d .  Only t h o s e  a c t i v i t i e s  e s s e n t i a l  t o  crew s a f e t y  
s h o u l d  be nominal ly  p lanned .  For example, t h e  c u r r e n t  t i m e l i n e  
i n c l u d e s  as many as f o u r  LM I M U  a l i g n m e n t s ,  u s i n g  t h r e e  o f  t h e  
f o u r  a l ignment  o p t i o n s  (Reference  3 ) ,  d u r i n g  t h e  f i rs t  two hours  
on  t h e  l u n a r  s u r f a c e .  These a l ignmen t s  are done t o  checkout  t h e  
v a r i o u s  a l ignment  modes, check t h e  I M U  d r i f t  r a t e s ,  and performed 
as p a r t  o f  t h e  s i m u l a t e d  countdown sequence .  I n d i v i d u a l l y ,  each  
o f  these  a c t i v i t i e s  has merit  and i s  a d e s i r a b l e  t h i n g  t o  do b u t  
c o l l e c t i v e l y  t h e y  are t i m e  consuming and are  - n o t  e s s e n t i a l  t o  
crew s a f e t y  p a r t i c u l a r l y  i f  t h e  powered d e s c e n t ,  l a n d i n g ,  and p o s t  
l a n d i n g  checks  are nominal .  T h i s  whole sequence  o f  a c t i v i t i e s ,  
i n c l u d i n g  t h e  s i m u l a t e d  countdown, i s  performed b a s i c a l l y  t o  
d e t e r m i n e  t h e  s t a t u s  o f  t h e  LM guidance  s y s t e m s  and i s  p r e d i c a t e d  
on t h e  assumpt ion  t h a t  t h e s e  sys tems w i l l  b e  d e a c t i v a t e d  ( t o  con- 
s e r v e  e l e c t r i c a l  power) about  two hour s  a f t e r  touchdown and w i l l  
n o t  be  r e a c t i v a t e d  u n t i l  t h e  beg inn ing  o f  p r e p a r a t i o n s  f o r  a s c e n t .  
I f  t h i s  assumpt ion  i s  modi f ied  somewhat, i t  i s  p o s s i b l e  t o  
d e v e l o p  a much s h o r t e r  sequence of  a c t i v i t i e s  w i t h o u t  compromising 
crew s a f e t y  or n e c e s s a r i l y  i n c u r r i n g  an  e l e c t r i c a l  power p e n a l t y . *  
Hence, it i s  s u g g e s t e d  t h a t  a f t e r  t h e  p o s t  touchdown checks  a re  
completed t h e  LM I M U  be r e a l i g n e d  and t h e  gu idance  sys tems be 
l e f t  i n  a n  o p e r a t e  s t a t e  a t  l eas t  u n t i l  t h e  EVA i s  comple ted .  After 
t h e  a l ignment  a 25 t o  30 minute  ea t  p e r i o d  s h o u l d  be schedu led ,  
a f t e r  which t h e  crew commence p r e p a r a t i o n  f o r  t h e  EVA. I f  t h e  EVA 
p r e p a r a t i o n s  can  b e  completed i n  1 . 5  hour s ,  r a t h e r  t h a n  t h e  e s t i -  
mated 2 hour s ,  t h e  s t a r t  of t h e  EVA would be abou t  2 . 5  h o u r s  a f t e r  
touchdown, w i t h  a crew awake  t i m e  of  1 0  h o u r s .  

* Every hour  of pre-EVA time t h a t  can  b e  d e l e t e d  i s  e q u i v a l e n t  
t o  abou t  3 hours  t h a t  t h e  gu idance  systems can  remain  i n  t h e  
o p e r a t e  s t a t e .  
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The s u g g e s t e d  sequence o f  a c t i v i t i e s  may appear t o  b e  
t o o  a m b i t i o u s  i n  l i g h t  of  t h e  c u r r e n t  l u n a r  s u r f a c e  t i m e l i n e s .  
However, i t  i s  one t h a t  i s  des igned  t o  c a p i t a l i z e  upon s u c c e s s  
and y e t  does  n o t  compromise crew safe ty  i n  doing  s o .  The s t a b i l i t y  
o f  t h e  LM on t h e  l u n a r  s u r f a c e  and t h e  s t a t u s  of  c r i t i c a l  s y s t e m s  
are  v e r i f i e d  p r i o r  t o  any o t h e r  a c t i v i t y ,  t h e  MCC-H c o n t i n u o u s l y  
mon i to r s  t h e  I,M sys tem s t a t u s ,  and t h e  LM i s  m a i n t a i n e d  i n  a 
p o s t u r e  f o r  a s c e n t .  ( T h i s  sequence i s  ve ry  s imilar  t o  t h a t  pro-  
posed by MSC a t  t h e  LLM Symposium i n  June  1966 ,  Re fe rence  4 . )  

The on ly  drawback t o  t h i s  sequence  i s  t h e  probable  
d e l e t i o n  o f  rendezvous  r a d a r  ( R R )  t r a c k i n g  data  on t h e  f i r s t  CSM 
p a s s  o v e r  t h e  LM. T h i s  data was p lanned  t o  be  used by MCC-H f o r  
l a n d i n g  s i t e  d e t e r m i n a t i o n .  However, MCC-H w i l l  s t i l l  have t h e  
f o l l o w i n g  data f o r  de te rmining  t h e  LM p o s i t i o n  on t h e  l u n a r  s u r f a c e :  
1) t h e  LM n a v i g a t e d  s t a t e ;  2 )  LM a t t i t u d e  and g r a v i t y  v e c t o r  
data;  3 )  CSM s e x t a n t  t r a c k i n g  of  t h e  LM; 4 )  MSFN t r a c k i n g  data;  
and  5 )  crew su rvey  data .  Reference 3 s t a t e s  t h a t  the ER data  
and  s e x t a n t  data  a re  s t a t i s t i c a l  combined, u s i n g  d i f f e r e n t  w e i g h t i n g  
f u n c t i o n s ,  t o  u p d a t e  t h e  LM p o s i t i o n  i n  s e l e n o g r a p h i c  c o o r d i n a t e .  
It i s  a l s o  a n t i c i p a t e d  t h a t  t h e  s e x t a n t  data w i l l  p r o v i d e  t h e  bes t  
estimate o f  t h e  LM p o s i t i o n  (Refe rence  3). 

It must a l s o  b e  k e p t  i n  mind t h a t  any d e l a y  i n  p e r -  
forming  these sequences  o f  a c t i v i t i e s  does  no t  j e o p a r d i z e  crew 
s a f e t y  or m i s s i o n  s u c c e s s .  I t ' s  on ly  e f f e c t s  a re  t o  l e s s e n  t h e  
p r o b a b i l i t y  of  s e l e c t i n g  t h e  r e a l  t i m e  o p t i o n  of  d e l e t i n g  t h e  
s l e e p  p e r i o d  on t h e  s u r f a c e  and t o  p o s s i b l y  s h o r t e n  t h e  nominal ly  
p l anned  1 0 . 5  hour  eat /s leep/eat  p e r i o d  somewhat. 

- 

Post-EVA Time l ine  

The nominal post-EVA t i m e l i n e  shou ld  i n c l u d e  a s l e e p  
p e r i o d  on t h e  l u n a r  s u r f a c e .  I f  t h e  r e a l  t i m e  o p t i o n  n o t  t o  
s leep on t h e  l u n a r  s u r f a c e  i s  se lec ted ,  a n  a l t e r n a t e  p rocedure  
s h o u l d  be deve loped  t o  s h o r t e n  t h e  a c t i v i t i e s  t h a t  must b e  accompl ished  
p r i o r  t o  a s c e n t ,  i n  o r d e r  t o  minimize t h e  crew work day  p r i o r  t o  
LM/CSM docking  and crew t r a n s f e r .  

A L M  in-window launch  o p p o r t u n i t y  o c c u r s  abou t  eve ry  
two hours  a f t e r  touchdown. With t h e  nominal pre-EVA p e r i o d  
s h o r t e n e d  and t h e  EVA assumed t o  be 3 hour s  i n  d u r a t i o n ,  t h e  LM 
crew would be back i n  t h e  LM abou t  5 . 5  hour s  a f t e r  touchdown. 
The f i rs t  r e a s o n a b l e  launch  o p p o r t u n i t y  would t h e n  o c c u r  2 .5  hour s  
l a t e r ,  or a t  touchdown p l u s  8 h o u r s .  A s  ment ioned above,  t h e  
estimated nominal t imes f o r  t h e  post-EVA a c t i v i t y  and a s c e n t  
p r e p a r a t i o n s  a re  1 . 5  and 2 . 5 - 3  hours  r e s p e c t i v e l y .  It a l so  seems 
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4 a d v i s a b l e  t o  i n c l u d e  a n  eat p e r i o d  p r i o r  t o  l i f t o f f .  Hence, 
about  5 hour s  o f  nominal a c t i v i t y  t ime must be compressed i n t o  
a 2 .5  hour  i n t e r v a l  t o  meet t h e  f i r s t  l aunch  o p p o r t u n i t y .  The 
r e a s o n a b l e n e s s  o f  r educ ing  t h e  post-EVA a c t i v i t y  t i m e  o f  d o f f i n g  
t h e  PLSS and j e t t i s o n i n g  unneeded equipment cannot  b e  assessed 
w i t h o u t  crew s i m u l a t i o n s .  If t h e  post-EVA a c t i v i t y  can  be 
s h o r t e n e d  t o  about  one hour,  t h i s  would p r o v i d e  about  a 30 minu te  
eat  i n t e r v a l  and a one hour p e r i o d  f o r  a s c e n t  p r e p a r a t i o n s .  
The a s c e n t  p r e p a r a t i o n s  i n t e r v a l  i s  i n  f a c t  nominal ly  reduced  by 
a t  least  30 minutes  i f  t h e  gu idance  s y s t e m s  are  i n  t h e  o p e r a t e  
mode a t  t h e  o u t s e t .  A one hour  i n t e r v a l  f o r  a s c e n t  p r e p a r a t i o n s  
would s t i l l  be s i g n i f i c a n t l y  greater  t h a n  t h e  minimum t i m e  t o  
p r e p a r e  and execu te  t h e  powered a s c e n t  program. Reference  5 
e s t i m a t e s  t h i s  minimum t ime t o  be about  17 minu tes .  

I n  summary, i f  t h e  no s l e e p  o p t i o n  i s  s e l e c t e d  and 
t h e  above recommendations a r e  implemented, t h e  crew awake times 
a t  i n i t i a t i o n  o f  l u n a r  a s c e n t  and docking w i t h  t h e  CSM w i l l  be  
15.5 hours  and 1 9 . 5  h o u r s ,  r e s p e c t i v e l y .  

P l a n  2 .  I n i t i a l  Checkout of t h e  LM P r i o r  t o  LO1 

F i g u r e  2 i l l u s t r a t e s  a crew t i m e l i n e  from abou t  20 
hour s  p r i o r  t o  LO1 through touchdown on the  l u n a r  s u r f a c e .  The 
numbers on t h e  f i g u r e  are  c r o s s  r e f e r e n c e d  below f o r  a d d i t i o n a l  
comments. 

Item 1, on F igure  2 ,  shows a t h r e e  hour  LM checkout  
i n t e r v a l  o c c u r r i n g  p r i o r  t o  t h e  l a s t  nominal ly  schedu led  m i d -  
c o u r s e  c o r r e c t i o n .  The a c t i v i t i e s  d u r i n g  t h i s  p e r i o d  are  similar 
t o  t h o s e  d i s c u s s e d  i n  P lan  1. The major  d i f f e r e n c e  i s  t h a t  t h e  
S-Band s t e e r a b l e  a n t e n n a  w i l l  n o t  be deployed t o  p r e v e n t  t h e  SM 
RCS plume from contaminat ing  t h e  s t e e r a b l e  a n t e n n a  thermal c o n t r o l  
c o a t i n g .  (Once t h e  an tenna  i s  unstowed, used  and t h e n  power 
removed, t h e  p o s i t i o n  o f  t h e  a n t e n n a  can  d r i f t  from a n  a c c e p t a b l e  
r e g i o n  i n t o  t h e  contaminat ion  r e g i o n ,  Reference  1) A s  i n  P l a n  1, 
t h e  LM w i l l  be powered down and t h e  probe and drogue remain  stowed 
i n  t he  CM. The conf idence  g a i n e d  i n  t h e  LM sys tems checked d u r i n g  
t h i s  t i m e  s h o u l d  i n  no way  be d imin i shed  by t h e  LO1 b u r n .  The 
LM w i l l  h i v e  been s u b j e c t e d  t o  s i g n i f i c a n t l y  g r e a t e r  p e r i o d s  of  
s t r e s s  d u r i n g  ear th  launch and T L I ,  where a c c e l e r a t i o n  l e v e l s  are  
abou t  4 and 1 . 4  g ' s ,  r e s p e c t i v e l y ,  t h a n  t h e  upcoming LO1 maneuver, 
where t h e  maximum a c c e l e r a t i o n  l e v e l  i s  less t h a n  1/3 g. 

The t i m i n g  f o r  the l a s t  midcourse c o r r e c t i o n ,  F i g u r e  2 ,  
i t e m  2 ,  w i l l  b e  c o n s t r a i n e d  i f  t h i s  p l a n  i s  used .  Allowing f o r  
a seven  hour  s imul taneous  s l e e p  p e r i o d  and t i m e  t o  p r e p a r e  f o r  t h e  
LO1 maneuver, t h e  l a t e s t  t o l e r a b l e  t i m e  f o r  t h e  c o r r e c t i o n  i s  abou t  
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8 . 5  hour s  p r i o r  t o  L O I .  Although t h i s  i s  n o t  t h e  most optimum 
t i m e  f o r  t h e  c o r r e c t i o n  (MSC i s  s u g g e s t i n g  5 hour s  b e f o r e  L O I )  
i t  s h o u l d  be  adequa te  as ev idenced  b y  t h e  Apol lo  8 m i s s i o n .  

After t h e  s l eep  p e r i o d  t h e  crew i s  awakened b y  t h e  
MSFN about  1-1/3 h o u r s  p r i o r  t o  L O I .  During t h i s  i n t e r v a l ,  
F i g u r e  2 ,  i t e m  3, t h e  crew e a t s ,  p r e p a r e s  f o r  t h e  LO1 bu rn  and 
t h e  LMP dons h i s  P G A .  T h i s  a l l o w s  t h e  LMP t o  e n t e r  t h e  LM 
immediately a f t e r  t h e  LO1 maneuver. The LO1 maneuver, i t e m  4 ,  
i s  assumed t o  be accomplished w i t h  one SPS bu rn .  T h i s  i s  a n  
e s s e n t i a l  assumpt ion  t o  t h i s  p l a n  s i n c e  LM undocking i s  s c h e d u l e d  
abou t  f o u r  hour s  a f t e r  L O I .  After t h e  LMP e n t e r s  t he  LM, i t e m  5 ,  
t h e  crew a c t i v i t i e s  a r e  a l m o s t  i d e n t i c a l  t o  t h o s e  d e s c r i b e d  i n  
P l a n  1. The crew has 3-3/4 h o u r s  t o  ready t h e  LM p r i o r  t o  un- 
docking .  The t o t a l  awake t i m e  a t  touchdown i s  abou t  8 h o u r s  f o r  
t h e  eas t e r ly  l a n d i n g  s i t e s  and 8 . 5  h o u r s  f o r  t h e  w e s t e r l y  l a n d i n g  
s i t e s .  ( P l a n  1 i s  n o t  a f f e c t e d  by t h e  l a n d i n g  s i t e  l o c a t i o n  s i n c e  
t h e  s l eep  p e r i o d  i n  l u n a r  o r b i t  can  be a d j u s t e d . )  Thus t h e  
c r i t i c a l  a c t i v i t i e s  p r i o r  t o  and  f o l l o w i n g  LM s e p a r a t i o n  are 
s t a n d a r d  f o r  e i t h e r  p l a n  and hence shou ld  have no impact  on crew 
t r a i n i n g .  The obvious payoff  when P l a n  2 i s  used i s  a r e d u c t i o n  
o f  abou t  f o u r t e e n  hours  o f  t o t a l  m i s s i o n  t ime from Plan 1 and about  
twenty  hours  from c u r r e n t  f l i g h t  p l a n s .  

Summarv 

The two p l a n s  d i s c u s s e d  above can  be summarized by 
comparing them w i t h  t h e  t i m e l i n e  p r e s e n t e d  a t  t h e  November, 1968 
Miss ion  Review (Refe rence  6 ) .  F i g u r e  3 shows t h e  major  e v e n t s  
and  a c t i v i t i e s  of  each  t i m e l i n e  from s h o r t l y  b e f o r e  t h e  l a s t  
s c h e d u l e d  t r a n s l u n a r  midcourse c o r r e c t i o n  ( M C C 4 )  t o  t h e  nominal 
LM/CSM docking .  Also inc luded  are  t h e  approximate  t i m e  d u r a t i o n s  
f o r  t h e  major  a c t i v i t i e s  and t h e  o v e r a l l  crew work / r e s t  c y c l e  
f o r  each  p l a n .  

The November t i m e l i n e  shows t h a t  i f  t h e  EVA were con- 
d u c t e d  p r i o r  t o  t h e  scheduled  s leep  p e r i o d  on t h e  l u n a r  s u r f a c e  
t h e  crew would be s u b j e c t e d  t o  a 21.5 hour  work d a y .  The c o n t r i -  
b u t i n g  f a c t o r s t o  t h i s  l eng thy  day a re  t h e  s i n g l e  phase  LM checkout  
and  t h e  a c t i v i t i e s  p reced ing  t h e  EVA on t h e  l u n a r  s u r f a c e .  The 
crew awake t i m e  p r i o r  t o  touchdown and t o  t he  s t a r t  of t h e  EVA 
would be 11 and 1 6  hours  r e s p e c t i v e l y .  P l a n  1 r e d u c e s  these times 
t o  abou t  7 .5  and 1 0  hour s  by u s i n g  a s p l i t  LM checkout  and by 
d e l e t i n g  and compressing n o n - c r i t i c a l  a c t i v i t i e s  a f t e r  touchdown. 
P l a n  1 a l s o  makes i t  p o s s i b l e  t o  i n c l u d e  a r e a l  t i m e  m i s s i o n  o p t i o n  
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t o  t e r m i n a t e  t h e  l u n a r  stay a f t e r  t h e  EVA w i t h  a r e s u l t i n g  crew 
awake time a t  LM/CSM docking o f  about  19.5 h o u r s .  By u s i n g  
t h e  s p l i t  LM checkout  t echn ique  the  t o t a l  t i m e  i n  l u n a r  o r b i t  
p r i o r  t o  touchdown is  reduced by f o u r  hour s  and by s h o r t e n i n g  
t h e  a c t i v i t i e s  p r i o r  t o  t h e  EVA t h e  nominal l u n a r  s t a y  i s  
reduced  by two hour s .  

November and P l a n  1 t i m e l i n e s  b u t  t h e  i n d i v i d u a l  b l o c k s  of 
a c t i v i t i e s  are a lmost  i d e n t i c a l .  The f i rs t  LM checkout  is  done 
p r i o r  t o  t h e  las t  midcourse c o r r e c t i o n  ( M C C 4 )  and t h e  s l e e p  
p e r i o d  i s  between t h e  M C C 4  and the  LO1 maneuver r a the r  t h a n  i n  
l u n a r  o r b i t .  After t h i s  s l e e p  p e r i o d  t h e  crew p r e p a r e s  f o r  and 
e x e c u t e s  t h e  LO1 maneuver wi th  one SPS burn .  A f t e r  LO1 t h e  LMP 
e n t e r s  t h e  LM and a l l  a c t i v i t i e s  are t h e  same as i n  P l a n  1. 
The crew awake t i m e  p r i o r  t o  touchdown i s  about  8 h o u r s .  
P l a n  2 i s  n o t  as f l e x i b l e  as  P l a n  1, i t  does have one asse t ,  
namely, a r e d u c t i o n  of about 1 4  hours  of  t o t a l  m i s s i o n  t i m e  from 
P l a n  1 and 20 hours  of t o t a l  m i s s i o n  time from t h e  November t i m e l i n e .  

P l a n  2 a p p e a r s  t o  va ry  q u i t e  d r a s t i c a l l y  w i t h  t h e  

Although 
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